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Description 

Background of the Invention 

a) Field of the Invention 

[0001] This invention relates to a hybrid vehicle (HV) 
and its control method. 

b) Description of the Prior Art 

[0002] Vehicles which do not run on tracks are con- 
ventionally propelled by the power of an internal com- 
bustion engine (ICE). However, recently electric vehi- 
cles (E Vs) which are propelled by electrical power rather 
than an ICE have been the subject of many studies. 
Pure EVs(PEVs) are superior to ICE vehicles because 
PEVs do not use fossil fuels and thus reduce polluting 
emissions. But, in other aspects, PEVs are inferior to 
1 ICE vehicles because they need to have an accumula- 
tor, such as a battery or capacitor, for supplying their 
motors with drive power. This on-board accumulator 
must have a high capacity (i.e., must be large in size) to 
drive a highrpower motor and must be recharged fre- 
quently because it is usually discharged quickly as the 
vehicle runs. 

[0003] . HVs are vehicles which have multiple types of 
drive power sources, for example, both an accumulator 
and an ICE. HVs can be classified into parallel HVs (PH- 
Vs), series HVs (SHVs), and parallel series HVs (PSH- 
Vs) according to how the drive power sources are com- 
bined. 

[0004] A PHVcan have, for example, both an ICE and 
a dynamo-electric machine as the torque source. A PHV 
has its ICE mechanically connected to its driving wheels 
in the same way as a conventional ICE vehicle, but a 
dynamo-electric machine is added to the shaft which 
connects the ICE and the driving wheels. The dynamo- 
electric machine used here is a. machine which can 
serve as both a motor and a generator. In the PHV, the 
ICE is used to output most of the torque required for pro- 
pelling the vehicle and the dynamo-electric machine is 
used to assist the ICE when the total output torque re- 
quired changes quickly such as when accelerating or 
decelerating (e.g., depending on the demand for addi- 
tional power). As such, by using the dynamo-electric 
machine for short-term power, the exhaust gas emission 
from and fuel consumption which is caused by a fast 
change in ICE power output can be reduced as com- 
pared with a conventional ICE vehicle. In a PHV, the on- 
board accumulator is necessary to drive the dynamo- 
electric machine as a motor and can, generally, also be 
used to store power generated when the dynamo-elec- 
tric machine is operating as a generator. Because of this 
and the fact that the dynamo-electric machine merely 
assists the ICE and is not the main drive for the vehicle, 
the accumulator may be smaller and will require less fre- 
quent recharging from an external power source. 



[0005] A PHV can be represented as "an ICE vehicle 
which includes a dynamo-electric machine and an ac- 
cumulator", however, the SHV is more like "an EV which 
includes a second power source". The second power 
5 source can be, for example, a generator driven by an 
ICE, solar cells for converting sunlight into electric pow- 
er, or a fuel cell for directly converting the chemical en- 
ergy of a system consisting of a fluid and an oxdizing 
substance into electric energy. In the SHV, the drive mo- 
tor can be driven by both power discharged from the ac- 
cumulator, in the same way as the PEV, and by power 
from the second power source, or, alternatively, the 
power from the second power source can be used to 
charge the accumulator instead of or at the same time 
as providing drive power. In other words, the second 
power source is used, for example, only when the power 
from the accumulator is insufficient to drive the motor to 
attain the required torque or when the state of charge 
(SOC) of the accumulator falls below a certain level. 
Therefore, an SHV will also emit less exhaust gas than 
a conventional ICE vehicle and may even have no ex- 
haust gas emissions when the second power source us- 
es solar cells or fuel cells. When the second power 
source is used as a main electric power source of the 
motor and the accumulator is used as auxiliary electric 
power source, the change in SOC of the accumulator, 
can be suppressed, because the accumulator. only pro- 
vides the shortage or receives the surplus of the second, 
power source output. Further, when the SOC of the ac- 
cumulator reaches a certain level, the accumulator can 
be recharged by the output of the second power source, 
so that the frequency of recharging the accumulator by 
an external power source will also be lower than for a 
PEV. 

[0006] Fig. 8 shows an SHV which has an ICE-driven 
generator as the second power source and a battery as 
the accumulator. This drawing shows the invention dis- 
closed in Japanese Patent Laid-Open Publication No. 
Hei 6-24531 7 with some modifications. An AC motor 1 0, 
has its rotating shaft mechanically connected to driving 
wheels 14 through a differential gear 12 or the like. The 
AC motor 10 receives drive power from a battery 18 
through a power converter 16 during powered driving, 
and converts braking energy to electricity and supplies 
it to the battery 1 8 through the power converter 1 6 when 
braking. The power converter 16 contains circuits which 
provide both an.inverting function for converting the dis- 
charged power of the battery 18 from DC to AC and a 
rectifying function for converting power from the motor 
10 from AC to DC, and preferably, also contains some 
control circuits for controlling the inverter. When the ac- 
celerator pedal or the brake pedal is depressed by the 
vehicle driver, an electronic controf unit (ECU) 20 con- 
trols.the operation of the power converter 16 with refer- 
ence to the rotation speed of the motor 10 detected by 
a rotation sensor 22 so that the output torque of the mo- 
tor 10 corresponds to the pedal angle. 
[0007] The battery 18 is electrically connected, 
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through a power converter 26, which has at least a' rec- 
tifying function, to a generator 24 which is driven by an 
ICE 28. The power generated by the generator 24 is 
converted from AC to DC by the power converter 26 and 
is either used to drive the motor 1 0 or recharge the bat- s 
tery 18. Thus, the battery 18 can be smaller than that 
used in a PEV and the frequency of recharging the bat- 
tery 18 by an external power source will be lower than 
for a PEV. For example, when the battery 18 cannot sup- 
ply sufficient power to the motor 1 0 or when the SOC of 10 
the battery 18, as detected by SOC sensor 32, is a cer- 
. tain level, the ECU 20 supplies a start signal to a starter 
30 to start the ICE 28. When the ICE 28 is operating, 
the ECU 20 controls the generator 24 so that the rotation 
speed of the ICE 28, which is detected by a rotation sen- ' is 
sor 34, does not vary quickly or substantially, in other 
words, the ICE 28 is controlled so that emissions and 
fuel consumption are reduced from even those of a con- 
ventional ICE vehicle generating a similar amount of 
power. At the same time, the ECU 20 controls the power' 20 
generated by the generator 24 or the rotation speed of 
. the I CE 28 so that the SOC of the battery 1 8, as detected 
by the SOC sensor 32, is kept in a prescribed range, so 
that the SOC of the battery 18 has fewer changes than 
in that in a PEV. Keeping the SOC within a desired range 25 
and making any changes in the SOC small can de- 
. crease the frequency of recharging the battery 1 8 by an . 
external power source and extend the service life of the 
battery 18. 

[0008] HVs also include a type which is called a 30 
. PSHV. The PSHV is a combination of the PHV and the 
. SHV, and can be further classified into some subtypes 
according to how the two are combined. A changeover- 
type PSHV has a function to switch the system structure 4 
from a PHV structure to a SHV structure, and vice versa, 35 
by changing the connection between its components, 
as shown in Fig. 9. Fig. 9 shows the invention disclosed 
in Japanese Utility Model Laid-Open Publication No. Hei 
2-7702 with some modifications, and uses the same ref- 
erence numerals as those used in Fig. 8 for comparison. 40 
with the above-described SHV 
[0009] The changeover-type PSHV can be provided 
by modifying the SHV shown in Fig. 8. In particular, by 
modifying the mechanical connection so as to connect 
the rotating shaft of the generator 24 with that of the mo- 45 
tor 10 via a clutch 36 and by modifying the control se- 
quence so that the clutch 36 is controlled by the ECU 
20 in accordance with a mode command. For example,' 
when a PHV mode command is given from a control 
panel or the like, the ECU 20 controls the clutch 36 to so 
couple or connect the rotating shaft of the generator 24 
to the rotating shaft of the motor 10 and to thereby pro- 
vide a component connection equivalent to and provid- 
ing the same advantages as a PHV since the motor 10 
and generator 24 can be driven as generator and motor ss 
respectively. When an SHV mode command is given, 
the ECU 20 controls the clutch 36 to release the coupling 
or connection between the rotating shaft of the genera- 



tor 24 and that of the motor 10 thereby returning to a 
component connection equivalent to an SHV Essential- 
ly, the changeover-type PSHV of Fig. 9 is a system 
which has a high degree of flexibility and usability since 
the vehicle can be driven in either PHV mode or SHV 
mode as the vehicle driver desires. 
[0010] However, the changeover-type PSHV of Fig. 9 
has the disadvantage that.the clutch operation to switch 
from SHV mode to PHV mode cannot.be performed 
when the vehicle is not moving or when its speed is low. 
When travelling in SHV mode, the load on the ICE 28 is 
essentially just the generator 24 only, while in the PHV 
mode, the load on the ICE 28 includes the mechanism 
from the clutch 36 to the driving wheels 14 through the 
motor 10. Therefore, when switching from SHV mode to 
PHV mode, the load on the ICE 28 is instantaneously 
increased and this stepwise increase in the load can 
cause the ICE 28 to stall, especially when the ICE 28 is 
idling or running at low speed such as when the vehicle 
is stationary or travelling at a low speed, i.e., the ICE 28 
cannot bear such an instantaneous increase in the load. 
To prevent the ICE 28 from stalling, switching from SHV 
mode to PHV mode, i.e., coupling the clutch 36, under 
such conditions, must be avoided. 
[0011] This disadvantage causes a bottleneck in ex- 
tending the period during which the vehicle can operate 
with the higher power transmission efficiency provided 
by the PHV mode. The difference in power transmission 
efficiency is due to the fact that in SHV mode, the output 
torque of the ICE 28 is first converted into electric power 
by the generator 24 (mechanical-to-electrical power 
conversion), and the electric power is then converted 
into torque by the motor 10 (electrical-tq-mechanical 
power conversion). Since there is a loss at each power 
mode conversions, the power transmission efficiency 
from the ICE 28 to the driving wheels 14 is not very good. 
On the, other hand, in PHV mode, the output torque of 
the ICE is supplied to the driving wheels without making 
any power mode conversions, so that the power trans- 
mission efficiency from the ICE to the driving wheels is 
substantially higher than that for SHV mode. This ad- 
vantage of PHV mode is limited to when the vehicle is 
travelling at a medium or high speed as described 
above, and thus PHV mode has a limited operating 
range. In other words, the average power transmission 
efficiency over a number of periods from vehicle start 
(key ON) to vehicle stop (key OFF) is low since the op- 
erating period in PHV mode is limited. 
[0012] Document EP-A-01 36055 discloses a control 
method and an hybrid vehicle in accordance with the 
preambles of claims 1 and TO, respectively The drive 
system thereof being operable in a changeover-type 
PSHV mode. 

Summary of the Invention 

[0013] A first object of the invention is to provide a 
PSHV which is capable of recharging its accumulator 
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even when the vehicle is stationary and can supply me- 
chanical power from an ICE to a driving wheel even 
when the vehicle is stationary or travelling at a low 
speed. A second object of the invention is to provide a 
PSHV, based on the accomplishment of the first object, 
which has the advantages of an SH V, which is capable 
of suitably controlling the SOC of its accumulator so as 
to elongate the accumulator's service life and decrease 
the frequency of recharging, and the advantages of a 
PHV, which has high power transmission efficiency, re- 
gardless of the speed of the PSHV. These objects are 
achieved by modifying the mechanical connections be- 
tween the ICE and other components. 
[0014] A third object of the invention is to provide the 
first and second objects by means of an independent 
mechanism which does not require external control. 
This object is achieved by using a torque distributing 
mechanism which is connected to an ICE. A fourth-ob- 
ject of the invention is to decrease the fuel consumption 
and emission levels of the ICE, provide more accurate 
control of the accumulator's SOC, and improve the driv- 
ing feeling. This object can also be achieved by utilizing 
the torque distributing mechanism. 
[0015] A fifth object of the invention is to make the me- 
chanical connection between the ICE and other compo- 
nents modifiable by relatively simple means. A sixth ob- 
ject of the invention is to make the vehicle driving system 
free from any loads, such as an ICE and ICE-related 
members, even when driving the vehicle with the ICE 
stopped. These fifth and sixth objects can be achieved 
by providing a lock-and-release mechanism such as a 
clutch. 

[0016] A seventh object of the invention is to be able 
to stop any shaft fronrv rotating freely regardless of the 
state of the lock-and-release and-release mechanism. 
This object can be achieved by providing a braking 
mechanism such as a mechanical brake. 
[0017] An eighth object of the invention is to provide 
a longer service life and a lower cost by decreasing any 
noticeable slip or the like of the lock-and-release mech- 
anism and the braking mechanism. This object can be 
achieved Decontrolling the rotation speed of the motor. 
[0018] A first aspect of the invention is a control meth- 
od according to claim 1 . 

[0019] A second aspect of the invention is an hibrid 
vehicle according to claim 10. 

[0020] The SHV mode here means a mode in which 
the torque produced by the ICE is distributed not to the 
driving wheel but to the first dynamo-electric machine. 
More specifically, in this mode, after mechanically dis- 
connecting the ICE and the first dynamo-electric ma- 
chine from the second dynamo-electric machine and the 
driving wheel, the torque obtained by operating the sec- 
ond dynamo-electric machine as a motor is used to drive 
the vehicle, and if necessary, the first dynamo-electric 
machine is operated as a generator driven by the ICE. 
Therefore, in SHV mode, the electrical connections and 
the mechanical connections between the^on-board. 



components become equivalent to those of an SHV, and 
the bn-board components (except for components re- 
lating to mode switching) can be controlled in the same 
way as those for an SHV. In the same way as for a con- 
5 ventional SHV, in SHV mode the SOC of the accumula- 
tor can be accurately controlled. Therefore, the service 
life of the accumulator can be made longer, and fuel con- 
sumption and emissions can be reduced. 
[0021] In continuous-type PSHV mode the torque pro- 
fs duced by the ICE is distributed to the driving wheel and 
the first dynamo-electric machine. More specifically, in 
this mode, after mechanically connecting the ICE and 
the first dynamo-electric machine to the second dyna- 
mo-electric machine and the driving wheel, the torque 

15 produced by the ICE is used in a mechanical form to 
drive the vehicle, and if necessary, the first dynamo- 
electric machine is operated as a generator, driven by 
the ICE, and the second dynamo-electric machine is op- 
erated as either a motor or a generator. Therefore, in 

20 continuous-type PSHV mode, electrical and mechanical 
connections equivalent to an SHV as well as electrical 
and mechanical connections equivalent to a PHV are 
both provided among the on -board components, by 
sharing the same ICE. Thus, this aspect differs from the 

25 changeover-type PSHV, in which the control mode is 
switched between SHV mode and PHV mode, the HV 
•according to the present invention uses a continuous- 
type PSHV mode in which connections which partially 
represent connections equivalent to a PHV in which the 

30 torque of the.lCE is supplied directly to the driving wheel 
in a mechanical form, so that even when the vehicle is 
stationary or running at a slow speed, i.e., regardless of 
the vehicle speed, the power transmission efficiency 
from the ICE to the driving wheel is enhanced. Thus, 

35 fuel consumption and emissions are reduced. 

[0022] Furthermore, use of either SHV mode or con- 
tinuous-type PSHV mode may be controlled by either 
the vehicle driver or based on the SOC of the accumu- 
lator. For example, it is preferable to force use of SHV 

40 mode when the SOC of the accumulator is below a pre- 
scribed ,value and force use of continuous-type PSHV 
mode when it exceeds the prescribed value. Since in 
SHV mode the SOC of the accumulator can be control- 
led on the same principle as the SHV, the SOC can be 

^5 kept in or returned to the desired range by using the 
above-mentioned forced mode control, and the accu- 
mulator's service life can be extended. 
[0023] Examples of the components for the mechan- 
ical connections between the on-board components 

50 are: the preferred torque distributing mechanism is a dif- 
ferential gear, lock-and-release mechanism is a clutch, 
and braking mechanism is a mechanical brake. The 
torque distributing mechanism has an input shaft and 
first and second output shafts. These shafts are respec- 

55 tively connected to the ICE, the first dynamo-electric 
machine and the second dynamo-electric machine to 
differentially distribute the torque provided at the input 
shaft to the first and second output shafts. Specifically, 
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the torque distributing mechanism differentially distrib- 
utes the torque of the ICE to the first dynamo-electric 
machine side and the second dynamo-electric machine 
and driving wheel side. The lock-and-release mecha : 
nism is provided between the second output shaft of the s 
torque distributing mechanism and the second dynamo- 
electric machine, which is connected to the driving 
wheel, so that the mechanical connection between the 
ICE and the second dynamo-electric machine and driv- 
ing wheel can be made or released according to a com- 10 
mand. The braking mechanism stops the revolution of 
the second output shaft of the torque distributing mech- 
anism according to a braking command. 
[0024] Use of the above-mentioned mechanisms pro- 
. vides the following advantages. is 
[0025] First, when switching to a control mode in 
which the ICE and the first dynamo-electric machine are 
not required, e.g., when switching from continuous-type 
PSHV mode to SHV mode (or, a PEV mode, to be de- 
scribed afterward), it is preferable to send a command 20 
to the lock-and-release mechanism to disconnect the 
ICE and first dynamo-electric machine from the second 
dynamo-electric machine and driving wheel. Thus, com- 
ponents which lie on the torque distributing mechanism 
side of the lock-and-release mechanism do not serve as 2s 
a load on the second dynamo-electric machine or the 
like, and a good efficiency HV can be obtained. 
[0026] Second, when it is presumed that the second 
output shaft of the torque distributing mechanism will en- 
ter a free run state, e.g., when the ICE and first dynamo- 30 
electric machine are disconnected from the second dy- 
namo-electric machine and driving wheel by the lock- 
and-release mechanism, a braking command can be 
sent to the braking mechanism to stop the revolution of 
the second output shaft of the torque distributing mech- 35 
anism. Thus, the second output shaft of the torque dis- 
tributing mechanism is prevented from entering a free 
run state when the continuous-type PSHV mode is 
switched to SHV mode or PEV mode.. 
[0027] Third, by controlling the rotation speed of the *o 
first dynamo-electric machine when the lock-and-re- 
lease mechanism or the braking mechanism is operat- 
ed, the lock-and-release mechanism and the braking 
mechanism can be prevented from causing any notice- 
able slip or friction, thereby extending their service lives 4$ 
and thus reducing costs. For example, before giving a 
command to the lock-and-release mechanism, the rota- 
tion speed of the first dynamo-electric machine can be 
controlled to synchronize the rotation speed of the sec- 
ond output shaft with that of the second dynamo-electric 50 
machine, so that the lock-and-release mechanism can 
be prevented from causing any noticeable slip or the 
like. Further, after giving a command to the Jock-and- 
release mechanism to release the mechanical connec- 
tion, the rotation speed of the first dynamo-electric ma- ss 
chine can be controlled to make the rotation speed of 

the second output shaft substantially zero, and a braking 

command can be given to the braking mechanism when 



the rotation speed of the second output shaft has be- 
come substantially zero, thereby preventing the braking 
mechanism from causing any noticeable slip or the like. 
Prevention of any noticeable slip or friction allows the 
use of a lower-price clutches and brakes. 
[0028] Fourth, the torque distributing mechanism is a 
mechanism to distribute the torque produced by the ICE 
. to the first and second dynamo-electric machines. 
Therefore, when the electric power generated by the 
first dynamo-electric machine is varied, the rotation 
speed of the ICE and the torque produced by the ICE 
are varied accordingly, resulting in varying the torque 
supplied to the second dynamo-electric machine side, 
i.e., the driving wheel side, from the ICE through the 
torque distributing mechanism. As a result, in continu- 
ous-type PSHV mode, by operating the first dynamo- 
electric machine as a generator and controlling the elec- 
tric power generated by it so that the required torque is 
distributed to the second output shaft, the required 
torque to meet the demand for acceleration or deceler- 
ation can be produced at the driving wheel. When the 
required torque is too high to be supplied solely by the 
ICE, it is preferable to suppress the variation power to 
be generated so that the increase in rotation speed of 
the ICE does not reach a significant level thereby pre- 
venting the rotation speed of the ICE from changing 
steeply. This suppression of variation of the power to be 
generated by the ICE creates a shortage of torque, how- 
ever, by operating the second dynamo-electric machine 
as a motor, the shortage can be compensated for. Thus, 
the ICE can be operated with low fuel consumption and 
emissions while meeting the demand for acceleration or 
deceleration. 

[0029]. Fifth, since the torque distributing mechanism 
is a mechanism to differentially distribute the torque pro- 
duced by the ICE, the operation of the first dynamo-elec- 
tric machine as a generator produces a corresponding 
reaction force on the second output shaft. Therefore, in 
continuous-type PSHV mode, by operating the first dy- 
namo-electric machine as a very small power generator, 
for example, when no acceleration is required, the 
torque distributing mechanism can distribute to the sec- 
ond output shaft torque to simulates the creeping torque 
which appears, for example, in a conventional ICE ve- 
hicle with an automatic transmission. Thus, a drive feel- 
ing identical to an automatic transmission vehicle (AT 
vehicle) can be realized and drivers who are familiar with 
AT vehicles will be satisfied. 

[0030] The control modes for the invention are not lim- 
ited to only SHV mode and continuous-type PSHV 
mode. For example, a PEV mode may be used in which 
the ICE and first' dynamo-electric machine can be dis- 
connected from the second dynamo-electric machine 
and driving wheel, so that the torque produced by oper- 
ating the second dynamo-electric machine as a motor 
is used to drive the vehicle, and the operation of the ICE 
and the first dynamo-electric machine can be stopped. 
In PEV mode, the vehicle can be driven with less noise 
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and less pollution than conventional ICE vehicles and 
HVs. 

Brief Description of the Drawings 

[0031] Fig. Lis a block diagram showing the configu- 
ration of a PSHV according to one embodiment of the 
invention. 

[0032] Fig. 2 is a block diagram showing a preliminary 
configuration of a PSHV as a reference. 
[0033] Fig. 3 is a flowchart showing the general oper- 
ation of the ECU in the embodiment of Fig. 1. . 
[0034] Fig. 4 is a flowchart showing a sequence for 
•switching to continuous-lype-PSHV mode in the embod- 
iment of Fig. 1 . 

[0035] Fig. 5 is a flowchart showing a driving control 
sequence in the continuous-type PSHV mode in the em- 
bodiment of Fig. 1. 

[0036] Fig. 6 is a flowchart showing a sequence for 
switching to SHV mode in the embodiment of .Fig. 1 . 
[0037] Fig. 7 is a flowchart showing a sequence for 
switching to PEV mode in the embodiment of Fig. 1. 
[0038] Fig. 8 is a block diagram showing a conven- 
tional configuration of an SHV. 

[0039] Fig. 9 is a block diagram showing a conven- 
tional configuration of a changeover-type PSHV. 

Detailed Description of the Preferred Embodiments 

[0040] Preferred embodiments of the invention will be 
described with reference to the accompanying draw-, 
ings. To clarify the differences from a conventional SHV 
changeover-type PSHV, reference numerals to be used 
in the following description are the same as those used 
in Fig. 8 and Fig. 9. However, the system configuration 
of the PSHV is not to be restricted by such related arts. 
It is to be understood that those skilled in the art may 
easily modify the configurations of the embodiments to 
be described below with reference to this specification 
and the accompanying drawings. 
[0041] Fig. 1 shows the configuration of a PSHV ac- 
cording to one embodiment of the invention. The torque 
distributing mechanism 38 has shafts 38a to 38c. The 
torque distributing mechanism 38 is a mechanism to dis- 
tribute torque applied to the input shaft 38a to the output 
shafts 38b, 38c. The input shaft 38a is connected to the 
rotating shaft of an ICE 28, the output shaft 38b to the 
rotating shaft of a generator 24, and the output shaft 38c 
to the rotating shaft of a motor 10. Therefore, in the 
PSHV of Fig. 1, the output torque of the ICE 28 is dis- 
tributed to the generator 24 side and driving wheels 14 
side by means of the torque distributing mechanism 38, 
so that the output of the ICE 28 can be transmitted to 
the driving wheels 14 even when the vehicle is station- 
ary or running at a low speed. This is to remedy the 
above-described disadvantage of the changeover-type 
PSHV, shown in Fig. 9; in which the power transmission 
efficiency is low because the clutch 36 cannot be en- 



gaged when the vehicle is stationary or running at a low 
speed. The PSHV of Fig. 1 can provide good power 
transmission efficiency at substantially any speed. The 
torque distributing mechanism 38 is preferably a differ- 
5 ential distributing mechanism such as a differential gear, 
which varies the torque of the output shaft 38c as the 
torque of the output shaft 38b varies. 
[0042] The torque distributing mechanism 38 is a first 
characteristic component member of the PSHV of Fig. 

10 1. However, the provision of this torque distributing 
mechanism 38 causes additional disadvantages for the 
control of the SOC range and service life of battery 18. 
More specifically, in a mode in which the output torque 
of the ICE 28 is always transmitted to the driving wheels 

15 14 through the. torque distributing mechanism 38 as 
shown in Fig. 2 (hereinafter referred to as continuous- 
type PSHV to distinguish from changeover-type PSHV), 
when the vehicle is stationary, the ICE 28 must be idled 
to prevent the power from being transmitted to the driv- 

20 jng wheels 14, and the generator 24 must be stopped. 
In other words, in Fig. 2, when the vehicle is not running, 
the battery 1 8 cannot be recharged by the generated 
power of the generator 24, and it is difficult to keep the 
SOC of the battery 18 within a desired range. On the 

25 contrary, in the SHV of Fig. 8 and the changeover-type 
PSHV of Fig. 9 the tCE 28 and the driving wheels 1 4 are 
either not connected mechanically or the mechanical 
connection between them can be released and thus the 
battery 18 can be recharged by the generated power of 

30 the generator 24 even when the vehicle is stationary. 
This disadvantage of the continuous-type PSHV of Fig. 
2 could not be overlooked. In addition, when the contin- 
uous-type PSHV of Fig. 2 is driven with the ICE 28 
stopped, the torque distributing mechanism 38, the gen- 

35 erator 24 and the ICE 28 serve as loads on the motor 
10, resulting poor efficiency. - 
[0043] A second characteristic component member of 
the PSHV of Fig. 1 is the clutch 36 which is provided 
between the output shaft 38c of the torque distributing 

40 mechanism 38 and the rotating shaft of the motor 10 
and which is controlled by an ECU 20. When the output 
shaft 38c and the rotating shaft of the motor 10 are mu- 
tually connected by the clutch 36, the PSHV of Fig. 1 
enters a component-to-component connected state 

45 similar to the continuous-type PSHV of Fig. 2 (continu- 
ous-type PSHV mode). When the connection between 
the output shaft 38c and the rotating shaft of the motor 
.10 is released by the clutch 36, the PSHV of Fig. 1 enters 
a component-to-component connected state similar to 

50 the SHV of Fig. 8 (SHV mode). Thus, the PSHV of Fig. 
1 can be switched from continuous-type PSHV mode to 
SHV mode, and vice versa, by controlling the clutch 36. 
In particular, in SHV mode, since the ICE 28, generator 
24 and torque distributing mechanism 38 can be discon- 

55 nected from the motor. 1 0 and driving wheels 1 4, the bat- 
tery 18 can be recharged by the generated power from 
the generator 24 even when the vehicle is stationary. 
And, the vehicle can be driven with the ICE 28 stopped 
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without applying any extra load on the motor 10. In other 
words, since switching between continuous-type PSHV 
mode and SHV mode is possible, the PSHV of Fig. 1 
can achieve both the advantages of the continuous-type 
PSHV, such as high power transmission efficiency at all 
speeds, and the SHV, such as good SOC control capac- 
ity and higher efficiency when the ICE 28 is stopped. 
[0044] A third characteristic component of the PSHV 
of Fig. 1 is a braking mechanism (e.g., a mechanical 
brake) 40 provided between the output shaft 38c of the 
torque distributing mechanism 38 and the clutch 36. 
Specifically, when the clutch 36 releases, for example, 
to switch from continuous-type PSHV mode to SHV 
mode, the output shaft 38c enters a free run state and 
the braking mechanism 40 stops the output shaft 38c 
according to. a command from the ECU 20 to minimize 
any free run. 

[0045] A fourth characteristic component member of 
the PSHV of Fig. 1 is the ECU 20 which responds to 
mode commands, key signals, accelerator signals, 
brake signals, shift signals or the like given by the vehi- 
cle driver, monitors the outputs of rotation sensors 22, 
34, 42, 44 and SOC sensor 32, and controls the clutch 
36 and the braking mechanism 40 in addition to power 
components such as power converters 16, 26, ICE 28, 
starter 30 and generator 24. Specifica!ly„various advan- 
tages of the PSHV of Fig. i are realized not only by the 
arrangement of the respective components but also by 
the control procedures performed by the ECU 20. These 
advantages can be achieved inexpensively. The rota- 
tion sensors 42, 44 detect the rotation speed of the out- 
put shafts 38b, 38c, respectively. 
[0046] The operation of the ECU 20 in the PSHV of 
Fig. 1 will now be described. First, it should be noted 
that the operation of the. ECU 20 can be switched ac- 
cording to a running mode set by the vehicle driver or 
another controller. In addition, to the above-described 
continuous-type PSHV mode and SHV mode, the run- 
ning mode could include a PEV mode in which vehicle 
drive power is produced only by the motor 10 with the 
ICE 28 stopped. In PEV mode the running conditions 
are the same as for a PEV. Specifically, the vehicle can 
be driven with no noise and no emissions from the ICE 
28. Therefore, the PEV mode is suitable in a residential 
area at n ighttime , a school district or a specified protect- 
ed environment where a quiet environment is required, 
or the center of an overcrowded city suffering from 
heavy air pollution. PEV mode is also suitable for driv- 
ers, who for any other reason, decide, "I want to run the 
ICE 28 as little as possible." As described above, since 
the mechanical connection is released by the clutch 36 
in PEV mode, the ICE 28, the generator 24 and the 
torque distributing mechanism 38 do not cause a load 
on the motor 10, which prevents the efficiency from be- 
ing lowered by these loads. 

[0047] As shown in Fig. 3, when the key switch is 
turned on by the vehicle driver (100), the ECU 20 per- 
forms a prescribed initialization (102). The initialization 



includes the operation to give a signal to the clutch ,36 
to release the connection between the motor 10 and the 
torque distributing mechanism 38, and the operation to 
give a signal to the braking mechanism 40 at the same 
s time to stop the rotation of the output shaft 38c. Thus, 
the ICE 28 and the generator 24 are mechanically sep- 
arated from the motor 1 0, thereby providing a connected 
state allowing PEV mode and SHV mode running. Then, 
the ECU 20 starts to supply electricity to a circuit which 

10 is related to the control of the motor 10 (104). 

[0048] The subsequent operation of the ECU 20 var- 
ies depending on which mode is selected by the vehicle 
driver. When PEV mode is selected (106), the ECU 20 
controls the components for PEV mode (108). PEV 

15 mode control includes the detection of the acceleration 
or deceleration demanded of the vehicle in view of the 
accelerator pedal or brake pedal angle, the determina- 
tion of the torque required to provide the demanded ac- 
celeration or deceleration, the detection of the rotation 

20 speed of the motor 1 0 by the rotation sensor 22, and the 
control of the power conversion by the power converter 
1 6 with reference to the detected rotation speed to pro- 
vide the required torque. In PEV mode (and SHV mode), 
the battery 18 is not recharged except by means of an 

25 external power source and regeneration by the motor 
10. Accordingly, in PEV mode, an alarm is given to the 
vehicle driver as necessary to indicate if the SOC of the 
battery 18 is low (112). The condition for issuing the 
alarm is that the SOC value of the battery 18 detected 

30 by the SOC sensor 32 is below a prescribed threshold 
B (110). The alarm may be given by a lamp or a sound. 
The ECU 20 continues in PEV mode control until the 
key switch is turned off by the vehicle driver (114) or a 
command is given to switch from PEV mode to another 

3S_ mode (116). The ECU 20 cuts the supply of electricity 
to the motor 10 when the key switch is turned off (118). 
When- switching from PEV mode to another mode, the 
process moves to step 1 20 in the same way as when a 
mode other than the PEV mode is selected in step 106. 

40 [0049] In PEV mode and SHV mode (to be described 
below), the battery 18 can be prevented from being 
overcharged by using the mechanical loss of the ICE 
28, the generator 24, and the torque distributing mech- 
anism 38. For example, when the battery 18 is fully re- 

45 charged or almost fully recharged and does not have 
enough capacity to receive the regenerated power 
which is supplied through the power converter 16, the 
motor 10 and the torque distributing mechanism 38 are 
temporarily connected by the clutch 36, and regenera- 
te tion braking is performed by the motor 1 0. The braking 
energy regenerated by the motor 10 is consumed due 
to the mechanical loss of the ICE 28, the generator 24, 
and the torque distributing mechanism 38. As a result, 
regeneration braking can be performed without over- 

55 charging the battery 1 8 or recharging it to a similar level. 
Modifications necessary to implement this temporary 
connection control and forced power consumption is ap- 
parent to an ordinary .person -skilled in the art from the 
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disclosure of the present application. The procedure for 
engaging the clutch 36 : is described in steps 130 and 
140. 

[0050] When the vehicle driver selects a mode other 
than PEV mode (106, 116), the ECU 20 starts to supply 
electricity to a generator control system and a power 
system built in the power converter 26 in order to start 
the control of the generator 24 and the ICE 28 (120). 
The ECU 20, then, gives a signal to, for example, the 
starter 30 to start the ICE 28 (122), and sets the gener- 
ator 24 to generating mode (124). Generating mode 
means the generator 24 is controlled in order to set the 
generated power at a prescribed target value. The gen- 
erator 24 also has a speed control mode, in which, the 
generator 24 is controlled by the ECU 20 so that the ro- 
tation speed detected by the rotation sensor 44 reaches 
a prescribed target value. In the PSHV of Fig. 1 , the ICE 
28 is started by the starter 30, however, the generator. 
24 may also be used as a starter since it is operable as 
a motor. 

[0051] After setting the generator 24 to generating 
mode, the ECU 20 determines whether the SOC of the 
battery 18, as detected by SOC sensor 32, exceeds a 
prescribed threshold A (126). The threshold A is set to 
a value slightly higher than the minimum value required 
to extend the service life of the battery 16. When the 
SOC is higher than the threshold A, the ECU 20 forces 
continuous-type PSHV mode (130), and controls the 
components so that the vehicle is driven in continuous- 
type PSHV mode (continuous-type PSHV mode control: 
132). On the contrary., when the SOC is equal' to or 
smaller than the threshold A, the ECU. 20 forces SHV 
mode (140), and controls the components so that the 
vehicle is driven in SHV mode (SHV mode control: 142). 
The ECU 20 repeats step 126 and subsequent proce- 
dures unless the key switch is turned off or PEV mode 
is selected. 

[0052] For example, if the SOC is initially higher than 
the threshold A : the ECU 20 enters continuous-type 
PSHV mode (130, 132), and in this state, when the mo- 
tor 10 is operated under a high load for a certain period 
or the vehicle is left standing with the motor 10 on for a 
long period, the SOC of the battery 1 8 lowers as a result 
of discharge, establishing a condition in which SOC<A. 
In response thereto, the ECU 20 shifts to SHV mode 
(140, 142). In SHV mode, since the ICE 28 is not me- 
chanically connected to the driving wheels 14, the ICE 
28 can be operated to increase the SOC of the battery 
18 regardless of the required acceleration or decelera- 
tion of the vehicle. Therefore, the SOC of the battery 18 
can be increased. As a result, when the SOC reaches 
a level which is higher than the threshold A, the ECU 20 
shifts to continuous-type PSHV mode again (130, 132). 
[0053] Thus, since the control mode is. set based on 
the SOC such that the output of the ICE 28 is used as 
necessary for recharging the battery 1 8, the SOC of the 
battery 1 8 can be properly controlled. When SOC>A and_ 
the mode is continuous-type PSHV mode (128) or 



SOC<A and the mode is SHV mode (138) steps 130, 
140 can be omitted. 

[0054] When the key switch is turned off (134, 144), 
the ECU 20 performs the PEV mode switching proce- 
s dure (150) if the final mode was PSHV mode, or stops 
the generator 34 and the ICE 28 (154) if the final mode 
was SHV mode, then moves to the motor stopping step 
(118). When the PEV mode is selected (136, 146), the 
ECU 20 performs the PEV mode switching procedure 
(1 48) if the mode is PSHV mode, or stops the generator 
34 and the ICE 28 (1 52) if the mode is SHV mode, then 
enters PEV mode (103). Thus, the PEV mode switching- 
procedure is required even if the previous mode is con- 
tinuous-type PSHV mode, because in continuous-type 
PSHV mode, a connection is made by the clutch 36, and 
the release of the clutch 36 and the braking control of 
the braking mechanism 40 are required. On the contra- 
ry, when the previous mode is SHV mode, it is sufficient- 
to simply stop the generator 34 and the ICE 28 because 
the connection of the clutch 36 has already been re- 
leased in SHV mode, and the clutch 36 and the braking 
mechanism 40 heed not be operated.. 
[0055] Specifically, the preferable continuous-type 
PSHV mode switching procedure (130).is shown in Fig. 
4. The ECU 20 controls the rotation speed of the ICE 28 
■ to the idling level while receiving feedback from the out- 
put of the rotation sensor 34, and at the same time stops 
power generation by the generator 24 by releasing ex- 
citation (200). In this state, the ICE 28 is being operated 
with an energy consumption equivalent to the mechan- 
ical loss of the generator 24. The ECU 20, then, releases 
the output shaft 38c from the braking mechanism 40 to 
allow it to rotate (202). Prior to step. 202, however, the 
ECU 20 switches the mode of the generator 24 from 
generating mode to speed control mode (204), and con- 
trols the rotation speed of the generator 24, with refer- 
ence to the output of each rotation sensor (206), so that 
the rotation speed of the output shaft 38c, as detected 
by rotation sensor 42, becomes, equal to that of the mo- 
tor 10, as detected by rotation sensor 22, after perform- , 
ing step 202. After synchronizing the rotation of the out- 
put shaft 38c with that of the motor 10, the ECU 20 re- 
stores the connection between the torque distributing 
mechanism 38 and the motor 10 by using the clutch. 36 
(208). Thus, a state is entered in which the mechanical 
power produced by the ICE 28 is differentially distributed 
to the generator 24 and the motor 10 by the torque dis- ' 
tributing mechanism 38, in other words, a state equiva- 
lent to that of a continuous-type PSHV. 
[0056] In Fig. 4, the control of the rotation speed (206) 
prevents or decreases the amount the clutch 36 slips, 
or is abraded, damaged or the like. This also serves to 
decrease the required capacity of the clutch 36 and the 
operation energy of the actuator for driving it. Also, since 
a claw clutch can be used, the vehicle cost is decreased. 
Furthermore, this control of the rotation speed is feasible 
because the rotation speed of the generator 24 is a func- 
tion of the rotation speed of the ICE 28 and that of the 
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output shaft 38c and can be determined uniformly from 
the configuration of the torque distributing mechanism 
38. In other words, the rotation sensor 42 can be omitted 
because the output of rotation sensors 34 and 44 can 
be used to calculate the rotation speed of the output 5 
shaft 38c. In this embodiment, to allow for failure check- 
ing of respective rotation sensors or the like, the rotation 
sensors are provided on respective shafts. 
[0057] The preferable continuous-type PSHV mode 
control procedure (1 32) is shown in Fig. 5. The ECU 20 10 
determines first the shift lever position (300)'. When the 
shift lever is positioned in P (Park) or N (Neutral), the 
ECU 20 cuts the supply of electricity to the motor 10 
(302). When the shift lever is in a position such as D 
"(Drive), which requires drive power, the ECU 20 sup- 15 
plies the motor 10 with electricity (304). The case in 
which the shift lever is positioned in R (Reverse) is not 
shown in the drawing, but the same control procedure 
as for a conventional ICE vehicle can be used, or the 
mode may be temporarily switched to SHV mode so that 20 
regeneration is used with priority. 
[0058] When the shift lever is in a. position such as D 
(Drive), requiring drive power, the ECU 20 also senses 
the accelerator pedal angle (306). When the accelerator 
pedal is not depressed at all, the ECU 20 controls the 2$ 
generator 24 so that a prescribed small amount of power 
is generated (308). This power generation produces 
torque sufficient to simulate the creeping torque in AT 
vehicle at the output shaft 38c. When the accelerator 
pedal is depressed, the ECU 20 determines the required '30 
electric power generation of the generator 24 according 
to the accelerator pedal angle, and controls the power 
converter 26 according to the target electric power gen- 
eration (310). The rotation speed of the ICE 28 varies 
to absorb any difference between the rotation speed of 35 
the generator 24 corresponding to the target electric 
power generation and that of the motor 10, thereby in- 
creasing the torque distributed to the output shaft 38c 
accbrding to the accelerator pedal angle. Further, if the 
change in accelerator pedal angle is too large for the 40 
torque to be supplied to the driving wheels 1 4 by the ICE 
28 alone or when the change in accelerator pedal angle 
is too large for the torque to be supplied by the ICE 28 
alone because fuel consumption and emission are de- 
graded, the ECU 20 controls the power converter 1 6 to 45 
compensate by using the motor 10 for at least that part 
of the torque required at the driving wheels 14 which 
cannot be provided by the ICE 28 alone (312). Thus, the 
acceleration or deceleration can be suitably provided in 
response to a demand by the vehicle driver: When the so 
brake pedal is depressed to stop the vehicle, the regen- 
eration braking of the motor 10 may also be used to as- 
sist the decelerating operation. This control can be sub- 
stantiated by adding logic concerning a hydraulic pres- 
sure of the braking mechanism 40 to the logic in step 55 
306, the modifications-necessary thereto are apparent 
to an ordinary person skilledjn the art from the disclo- 
sure of the present invention. 



[0059] The preferable SHV mode switching proce- 
dure (140) is shown in Fig. 6. The ECU 20 first makes 
the ICE 28 idle and stops power generation by the gen- 
erator 24 (400), then switches the mode of the generator 
24 from generation mode to speed control mode (402). 
Then, the ECU 20 refers to the output of each rotation 
sensor to control the rotation speed of the generator 24 
so that the rotation speed of the output shaft 38c, as- 
detected by the rotation sensor 42, is made equal to that 
of the motor 10, as detected by the rotation sensor 22 
(404). After controlling to synchronize the rotation speed, 
of the output shaft 38c with that of the motor 1 0, the ECU 
20 controls the clutch 36 to releases the connection 
(406). Thus, the connections among the respective 
components corresponding to a'continuous-type PSHV 
is switched to the connections corresponding to an SHV 
This revolution control (404) operates in the same way 
as in the aforementioned revolution control (204) to pre- 
vent or decrease the amount the clutch 36 slips or is 
abraded or damaged. 

[0060] Releasing the connection by means of the 
clutch 36, the ECU 20 also controls the braking mech- 
anism 40 to stop the revolution of the output shaft 38c 
(408), thereby preventing the output shaft 38c from en- 
tering free run state and thus, prevent the ICE 28 from 
overrunning. At the same time, the ECU 20 uses the ro- 
tation speed of the ICE 28 as a reference to control the 
rotation speed of the generator 24 such that the rotation 
speed of the output shaft 38c is reduced (41 0). By doing 
so, the amount of slipping, abrasion or damage to the 
braking mechanism is lessened. Because of this, the re- 
quired capacity of the braking mechanism 40 is reduced, 
and the operation energy of the actuator for driving it is 
also reduced.- Also, since a claw-type braking mecha- 
nism can be used for the clutch 36 and the braking 
mechanism<40, the vehicle cost can be decreased. After 
completing the above series of steps, the ECU 20 
switches the generator 24 from speed control mode 
back to generation mode (412). 
[0061] The SHV mode control procedure (1 42) can be 
the same as that used for a conventional SHV. In SHV 
mode, the SOC of the battery 1 B can be controlled at all 
speeds in the same way as a conventional SHV. : 
[0062] The preferable PEV mode switching proce- 
dure (14B, 150) is as shown in Fig. 7. Steps 500, 502, 
504, 506, 508 and 510 in Fig. 7 are the same as those 
of steps 400, 402, 404, 406, 408 and 410 in Fig. 6. After 
completing step 508, the ECU 20 stops the operation of 
the generator 24 and the ICE 28 (512). Thus, to switch 
from PSHV mode to PEV mode or to stop the motor 10, 
a procedure similar to the one used to switch from PSHV 
mode to SHV mode is performed, thereby attaining the 
above-mentioned effect of decreasing any slipping, etc. 
of the clutch 36 and the braking mechanism 40. 
[0063] As described above, in this embodiment, the 
connections among the on-board respective compo- 
nents can be switched between connections equivalent 
to a continuous-type PSHV and connections equivalent 
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to an SHV, so that it can achieve both the advantage of 
the SHV, good control of the SOC of the battery 1 8, and 
the advantage of the "pure" continuous-type PSHV of 
Fig. 2, high power transmission efficiency at all speeds. 
And, the above advantages can be achieved by adding 5 
components such as clutch 36 and braking mechanism 
40 to a conventional continuous-type PSHV and modi- 
fying the controlling procedures of the ECU 20, so that 
development costs are relatively low. 
[0064] When the connections among the respective 10 
components is the same as that of an SHV, the vehicle ' 
can also be run as a PEV as required by the vehicle 
driver. At this time, if the torque distributing mechanism 
38 and the motor 10 are connected by the clutch 36, 
regeneration braking can be used to prevent the battery is 
18 from being overcharged. Further advantage include ■ 
that the torque required to produce a creeping effect can 
be produced by the generator 24. In addition, the ICE 
28 and the generator 24 can be controlled simultane- 
ously and the braking mechanism 40 also controlled as 20 
. the clutch 36 is engaged or disengaged, so that the 
above effects can be achieved by means of a clutch 36 
and a braking mechanism 40 each having a small ca- 
pacity, while still preventing the output shaft of the torque 
distributing mechanism 38 from entering a free run 25 
state. Also, the mode can be controlled such that if the 
SOC of the battery 18, as detected by the SOC sensor 
32, is too low, PSHV mode is automatically switched to 
SHV mode, so that the SOC of the battery 1 8 does not 
lower significantly even when the vehicle is left standing 30 
for a long period with the ICE 28 kept running. 
[0065] While there has been described what are at 
present considered to be preferred embodiments of .the 
invention, it is to be understood that various. modifica- 
tions may be made thereto, within the scope of the ap- 35 
pended claims. 



Claims 

40 

1. A control method which is implemented in a hybrid 
vehicle which is provided with, at least, an internal 
combustion engine (28) for producing power, first 
and second dynamo-electric machines (24, 10) 
each on a power transmission path from said inter- 45 
nal combustion engine (28) to a driving wheel (14) 
and electrically connected to each other, and an ac- 
cumulator (18) electrically connected to said first 
and second dynamo-electric machines (24, 10); 
said control method being characterized in so 

a first step for determining a control mode to be 
used from among a plurality of control modes 
including at least an SHV mode and a continu- 
ous-type PSHV mode (e.g., 126); 55 
a second step for setting the state of said com- 
ponents so that the electrical connections and 
the mechanical connections among above- 



mentioned components conform with the con- 
trol mode determined in the first step (e.g., 
130); and 

a third step for controlling the operation of 
above-mentioned components according to the 
control mode determined in the first step and 
set in the second step (e.g., 132); wherein 
said SHV mode is a mode in which, after me- 
chanically disconnecting said internal combus- 
tion engine (28) and said first dynamo-electric 
. machine (24) from said second dynamo-elec- 
tric machine (10) and said driving wheel (14), 
said second dynamo-electric machine (10) is 
operated as a motor and torque obtained by the 
motor is used to drive the vehicle, and if neces- 
sary, said first dynamo-electric machine (24) is 
operated as a generator driven by said internal 
combustion engine (28), and 
said continuous-type PSHV mode is a mode in 
which said internal combustion engine (28) and 
said first dynamo-electric machine (24) are 
connected to said second dynamo-electric ma- 
chine (10) and said driving wheel (14), so that 
a part of the mechanical output from said inter- 
nal combustion engine (28) is supplied to a 
PHV-type power train and another part thereof 
to an SHV-type power train, said PHV-type 
power train being a power train for providing 

• said part of the mechanical output from said in- 
ternal combustion engine (28) to said driving 
wheel (14) and, if necessary, simultaneously 
operating said second dynamo-electric ma- 

'. chine (10) as a generator or motor, and said 
SHV-type power train being a power train for 
providing said another part of the mechanical 
output from said internal combustion engine 
(28) to said first dynamo-electric machine (24) 
to operate said first dynamo-electric machine 
(24) as a generator if necessary, and operating 

• said second dynamo-electric machine (10) as 
a motor utilizing at least one of the discharging 

• output of an accumulator (18) and the output, 
generated by said first dynamo-electric ma- 
chine (1 0) when it is operating as a generator 

The control method according to Claim 1 , wherein 
said first step includes a determination (1 26) to use 
said SHV mode when the state (SOC) of charge of 
the accumulator is below a prescribed value (A) and 
said continuous-type PSHV mode when the state 
of charge exceeds the prescribed value. 

The control method according to. Claim 1, .wherein 
said hybrid vehicle is further provided with: 

a torque distributing mechanism (38) which has 
an input shaft (38a) and first and second output 
shafts (38b, 38c) and differentially distributes 
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the torque applied to said input shaft to the first 
and second output shafts; said input shaft and 
the first and second output shafts being respec- 
tively connected to said internal combustion en? 
gine, said first dynamo-electric machine and a 
lock-and-release mechanism; and 
said lock-and-release mechanism (36) which 
mechanically connects or disconnects the in- 
ternal combustion engine and the first dynamo- 
electric machine to or from the second dynamo- 
electric machine and the driving wheel; accord- 
ing to a command. 

4. The control method according to Claim 3, wherein 
said second step comprises: 

a step (e.g., 206) for supplying the command 
to said lock-and-release mechanism according 
to the control mode determined in the first step, 
and 

a step (e.g., 204) for controlling, before supply- 
. ing the command to said lock-and-release 
mechanism, a rotation speed of said first dyna- 
mo-electric machine to synchronize a rotation 
speed of said second output shaft with that of 
said second dynamo-electric machine. 

5. The control method according to Claim 3, wherein 

said hybrid vehicle is provided with a braking 
mechanism (40) for stopping the revolution of said 
second output shaft according to a braking com- 
mand;-and 

said second step comprises: 

a step (e.g., 406) for supplying the command 
to said lock-and-release mechanism according * 
Jo the control mode determined in the first step, 
a step (e. g. , 41 0) for controlling, after supplying 
the command to said lock-and-release mecha- 
nism to mechanically disconnect the internal 
combustion engine and the first dynamo-elec- 
tric machine from the second dynamo-electric 
machine and the driving wheel, a rotation 
speed of said first dynamo-electric machine to 
make a rotation speed of said second output 
shaft substantially zero, and 
a step (e.g., 412) for supplying the braking com- 
mand to said braking mechanism after the ro- 
tation speed of said second output shaft has be- 
come substantially zero. 

6. The control method according to Claims 3 through 
5, wherein 

said-third step includes a step (308) for oper- 
ating said first dynamo-electric machine as a gen- 
erator having a very small power to distribute torque 
necessary for simulating creeping to said second 
output shaft when the control mode determined in 



the first step is said continuous-type PSHV mode. 

7. The control method according to Claims 3 through 
6, wherein 

5 said third step includes a step (310) for, when 

the control mode determined in the first step is said 
cor)tinuous-type PSHV mode, operating said first 
dynamo-electric machine as a generator and for 
controlling a generated power of the first dynamo- 

io electric machine according to required torque so 
that torque corresponding to the required torque to 
be supplied to said driving wheel is distributed to 
said second output shaft. 

*5 8. The control method according to Claim 7, wherein 
said third step includes a step (312) for, when 
the control mode determined in the first step is said 
-continuous-type PSHV mode, operating said sec- 
ond dynamo-electric machine as a motor to prevent 

20 a rotation speed of said internal combustion engine . 
from being increased steeply or substantially when 
the required torque is actually distributed to said 
second output shaft. 

2S 9. The control method according to Claim 1 through 8, 
wherein 

said multiple types of control modes include a 
PEV mode; 

30 said PEV mode being a mode in which, after 

mechanically disconnecting the. internal com- 
bustion engine and the first dynamo-electric 
machine f rom the second dynamo-electric ma- 
chine and the driving wheel, said second dyna- 
st mo-electric machine is operated as a motor to 
generate a torque drive the vehicle while said 
internal combustion engine and said first dyna- 
mo-electric machine are stopped. 

40 10. A hybrid vehicle comprising: 

an interna! combustion engine (28) for produc- 
ing power in the form of a torque; 
a first dynamo-electric machine- (24) which is 
45 operable at least as a generator; 

an accumulator (1 8) which is recharged with a 
generated power of said first dynamo-electric 
machine; 

a second dynamo-electric machine (10) which - 
^o is operable at least as a motor when supplied 

with at least one of the generated power of said 
first dynamo-electric machine (24) and a dis- 
charged. power from said accumulator (1 8); 

55 characterized in 

a torque distributing mechanism (38) for differ- 
entially distributing the torque produced by said 
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internal combustion engine (28) to a side of the 
first dynamo-electric machine (24) and a side 
of a driving wheel (14) and said second dyna- 
mo-electric machine (10); 
said second dynamo-electric machine (10) as- 
sisting torque supplied from said internal com- 

. bustion engine (28) to said driving wheel (14) 
when the torque from the internal combustion 
engine (28) is being distributed through said 
torque distributing mechanism (38) and supply- 
ing said driving wheel (14) with torque generat- 
ed by said second dynamo-electric machine 
(10) when the torque from the internal combus- 
tion engine (28) is not being distributed; 
a lock-and-release mechanism (36) for me- 
chanically connecting or disconnecting said 
torque distributing mechanism (38) to or from 
the second dynamo-electric machine (10); 
a braking mechanism (40) for stopping an out- 
put shaft (38c), which is one of shafts included 
in said torque distributing mechanism (38) so 
that the output shaft (38c) does not enter a free 
running state, the output shaft connecting said 
torgue distributing mechanism (38) to said lock- 
and-release mechanism (36) and entering the 
free running state if a mechanical connection 

. between said torque distributing mechanism 
(38) and said second dynamo-electric machine 
(10) were released without the. stopping; and 
a controller (20) for changing a control mode of so 
said hybrid vehicle from a continuous-type 
PSHV mode to a SHV mode by controlling said 
lock-and-release mechanism (36) and said 
braking mechanism (40) so that the mechanical 
connection between said torque distributing 35 
mechanism (38) and said second dynamo- 
electric machine (10) is released and the revo- . 
lution of said output shaft (38c) is stopped; 

wherein 40 

said continuous-type PSHV mode is a mode in 
which said internal combustion engine (28) and 
said first dynamo-electric machine (24) are 
connected to said second dynamo- electric ma- 
chine (10) and said driving wheel (14), so that 
a part of the mechanical output from the internal 
combustion engine (28) is supplied to a PHV- 
type power train and another part thereof to an 
SHV-type power train, said PHV-type power so 
train being a power train for providing said part 
of the mechanical output from said internal 
combustion engine (28) to said driving.wheel 
(14) and, if necessary, simultaneously operat- 
ing.said second dynamo-electric machine (1 0) 5S 
as a generator or motor, and said SHV-type 
power train is a power train for providing said 
another part of the mechanical output from said 



internal combustion engine (28) to said first dy- 
namo-electric machine (24) to operate said first 
dynamo-electric machine (24) as a generator if 
necessary, and operating said second dynamo- 
5 electric machine (10) as a motor utilizing at 

least one of the discharging output of said ac- 
cumulator (18) and the output generated by 
, ■ said first dynamo-electric machine (24) when it 
is operating as a generator; and 
10 said SHV mode is a mode for distributing the 

torque produced by said internal combustion 
engine (28) to said first dynamo-electric ma- 
chine (24) only. 

is 11. The hydrid vehicle according to Claim 10, wherein 
when the control mode of said hybrid vehicle is said . 
continuous-type PSHV mode and acceleration of 
the hybrid vehicle is not necessary, said controller 
causes said first dynamo-electric machine to gen- 
erate a very small powerso as to supply said driving 
wheel with torque simulating creeping. 

12. The hybrid vehicle according to Claim TO, wherein 
when said continuous-type PSHV mode is to be 
switched to said SHV mode, said controller makes 
said internal combustion engine idle and adjusts a 
rotation speed of said first dynamo-electric machine 
to synchronize a rotation speed of said output shaft 
to that of said second dynamo-electric machine, re- 
leases the mechanical connection between said 
torque distributing mechanism and said second dy- 

" namo-electric machine- by said' lock-and-release 
mechanism after synchronizing, adjusts the rotation 
speed of said first dynamo-electric machine to 
make the rotation speed of said output shaft sub- 
' stantially zero after releasing, and stopping revolu- 
tions of said output shaft by the braking mechanism 
after zero control. 

13. The hybrid vehicle according to Claim 10, wherein 
said controller forces the control mode to switch" 
from said continuous-type PSHV mode to said SHV 
mode when a state of charge of said accumulator 
is lowered to below a prescribed level. 

Patentanspruche 

1 . Steuerungsverfahren, das.in einem Hybridfahrzeug 
, ausgefuhrt wird, welches mit wenigstens einer 
Brennkraftmaschine.(2B) mit innerer Verbrennung 
zum Erzeugen von Leistung, einer ersten und zwei- 
ten dynamoelektrischen Maschine (24, 10), die mit- 
einander elektrisch verbunden.sind, jeweils in ei- 
nem Leistungsubertragungsweg von der Brenn- 
kraftmaschine (28) mit innerer Verbrennung zu ei- 
nem Antriebsrad (1 4) sowie einem mit der ersten 
und zweiten dynamoelektrischen Maschine (24, 10) 



12 



23 



EP0 744 314 B1 



24 



elektrisch verbundenen Speicher (18) versehen ist, 
gekennzeichnet durch: 

einen ersten Schritt zum Bestimmen eines zu 
• verwendenden Steuerungsmodus aus einer 5 
Vielzahl von Steuerungsmodi umfassend we* 
nigstens einen SHV-Modus und einen kontinu- 
ierlichen PSHV-Modus (z.B. 126), 
einen zweiten Schritt zum Einstellen des Zu- 2. 
stands dieser Komponenten so, da(3 die elek- 10 
trischen Verbindungen und die mechanischen 
Verbindungen zwischen den vorstehend er- 
. wahnten Komponenten dem im ersten Schritt 
. bestimmten Steuerungsmodus entsprecheri (z. 
B. 13.0), und 15 
einen dritten Schritt zum Steuern des Betriebs' 
der vorstehend erwahnten Komponenten ent- 3. 
sprechend dem im ersten. Schritt bestimmten 
und im zweiten Schritt eingestellten Steue- 
rungsmodus (z.B. 132), 20 
wobei der SHV-Modus ein Modus ist, in dem 
nach einermechanischen Trennung der Brenn- 
kraftmaschirie (28) mit inherer Verbrennung 
und der ersten dynamoelektrischen Maschine 
(24) von der zweiten dynamoelektrischen Ma- 25 
. schine(10)unddemAntriebsrad(14),diezwei- ■ 
te dynamoelektrische Maschine (10) als ein 
Motor betrieben wird und ein vom Motor erhal- 
tenes Drehmomeht fur den Antrieb des Fahr- 
• zeugs verwendet wird, und fads erforderlich die 30 
erste dynamoelektrische Maschine (24) als ein 
von der Brennkraftmaschine (28) mit innerer 
Verbrennung angetriebener Generator betrie- 
ben wird, und 

wobei der kontinuierliche PSHV-Modus ein Mo- 35 
. dus ist, in dem die Brennkraftmaschine (28) mit 
innerer Verbrennung und die erste dynamo- 
elektrische Maschine (24) mit der zweiten dy- 
namoelektrischen Maschine (10) und dem An- 
triebsrad (14) verbunden sind, so da'B ein Teil *o 
der mechanischen Ausgangsleistung der 
Brennkraftmaschine (28) mit innerer Verbren- 4. 
nung einem PHV-Kraftubertragungsweg und 
deren anderer Teil einem SHV-Kraftubertra- 
gungsweg zugefuhrt wird, wobei der PHV- *s 
, Kraftubertragungsweg ein Kraftubertragungs- 
weg ist, urn den Teil der mechanischen Aus- 
gangsleistung der Brennkraftmaschine (28) mit* 
innerer Verbrennung dem Antriebsrad (1 4) zu- . 
zufuhren und falls erforderlich die zweite dyna- so 
- moelektrische Maschine (10) gleichzeitig als ei- 
nen Generator oder. Motor zu betreiben, und 
der SHV-Kraftubertragungsweg ein Kraftuber- 
tragungsweg ist, urn den anderen Teil der me- 
chanischen Ausgangsleistung der Brennkraft- 55 

maschine (28) mit innerer Verbrennung der er-_ 

sten dynamoelektrischen Maschine (24) zuzu- 5. 
f uhren, urn diese falls erforderlich als einen Ge- 



nerator zu betreiben, und die zweite dynamo- 
elektrische Maschine (10) als einen Motor zu' 
betreiben, der wenigstens eine der Entladelei- 
stung des Speichers (18) oder der von der er- 
sten dynamoelektrischen Maschine (10) er- 
zeugten Ausgangsleistung, sofem sie als ein 
' Generator arbeitet, verwendet. 

Steuerungsverfahren nach Anspruch 1, wobei der 
erste Schritt eine Bestimmung (126) dahingehend 
beinhaltet, den SHV-Modus zu verwenden, wenn 
der Ladezustand (SOC) des Speichers unter einem 
vorgeschriebenen Wert (A) liegt, und den kontinu- 
ierlichen PSHV-Modus zu verwenden, wenn der La- 
k dezustand uber dem vorgeschriebenen Wert liegt. 

Steuerungsverfahren nach Anspruch 1, wobei das 
Hybridfahrzeug ferner versehen ist mit: 

einem Drehmomentverteilermechanismus 
(38), der eine Eingangswelle (38a) und eine er- 
ste und zweite Ausgangswelle (38b, 38c) auf- 
weist und das auf die Eingangswelle aufge- 
brachte Drehmoment in Differentialweise auf 
die erste und zweite Ausgangswelle verteilt, 
wobei die Eingangswelle und die erste und 
zweite Ausgangswelle mit der Brennkraftma- 
schine mit innerer Verbrennung, der ersten dy- 
namoelektrischen Maschine bzw. einem Sperr- 
und-Ldsemechanismus verbunden sind r und 
dem Sperr-und-Ldsemechanismus (36), der 
entsprechend einem Befehl die Brennkraftma- 
schine mit innerer Verbrennung und die erste ; 
dynamoelektrische Maschine mit der zweiten 
. dynamoelektrischen Maschine und dem An- 
triebsrad mechanisch verbindet oder die 
Brennkraftmaschine mit innerer Verbrennung 
und die erste dynamoelektrische Maschine von 
der zweiten dynamoelektrischen Maschine und 
dem Antriebsrad mechanisch tre.nnt. 

Steuerungsverfahren nach Anspruch 3, wobei der 
zweite Schritt umfa3t: 

einen Schritt (z.B. 206) zum Versorgen des 
Sperr-und-L6semechanismus mit dem Befehr 
entsprechend dem im ersten Schritt bestimm- 
ten Steuerungsmodus, und 
einen Schritt (z.B. 204) zum Steuern der Dreh- 
zahl der ersten dynamoelektrischen Maschine 
vor der Versprgung des Sperr-und-L6seme- 
chanismus mit dem Befehl so, daB die Dreh- 
zahl der zweiten Ausgangswelle an diejehige 
der zweiten dynamoelektrischen Maschine an- 
geglichen wird. 

Steuerungsverfahren nach Anspruch 3, wobei 

das Hybridfahrzeug mit einem Bremsmecha- 
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nismus (40) zum Anhalten der Drehbewegung der 
zweiten Ausgangswelle in Abhangigkeit von einem 
Bremsbefehl versehen ist, unci 
der zweite Schritt umfaBt: 

5 

einen Schritt (z.B. 406) zum Versorgen des 
Sperr-und-L6semechanismus mit dem Befehl 
entsprechend dem im ersten Schritt bestimm-, 
ten Steuerungsmodus, 

einen Schritt (z. B. 41 0) zum Steuern der Dreh- 10 
zahl der ersten dynamoelektrischen Maschine 
nach der Versorgung des Sperr-und-L6seme- 
chanismus mit dem Befehl zur mechanischen 
Trennung der Brennkrattmaschine mit innerer 
Verbrennung und der ersten dynamoelektri- is 
schen Maschine von der. zweiten dynamoelek- 
trischen Maschine und dem Antriebsrad so, 
. daB die Drehzah! der zweiten Ausgangswelle 
im wesentlichen auf Null eingestellt wird, und 
einen Schritt (z.B. 412) zum Versorgen des 20 
Bremsmechanismus mit dem Bremsbefehl, 
nachdem die Drehzahl der zweiten Ausgangs- 
welle im wesentlichen Null geworden ist. 

6. Steuerungsverfahren nach den Anspruchen 3 bis 25 
5, wobei der dritte Schritt einen Schritt (308) urn- 
faBt, zum Betreiben der ersten dynamoelektrischen 
Maschine als einen Generator mit einer sehr gerin- 
gen Leistung, urn ein Drehmoment, das zum Vor- ' 
tauschen einer Kriechbewegung erforderlich ist, an 30 
die zweite Ausgangswelle zu verteilen, wenn der im 
ersten Schritt bestimmte Steuerungsmodus der 
kontinuierliche PSHV-Modus ist. 

7. Steuerungsverfahren nach den Anspruchen 3 bis 35 
■■ 6, wobei der dritte Schritt einen Schritt (310) urn- 

faBt, zum Betreiben der ersten dynamoelektrischen 
Maschine als einen Generator und zum Steuern der 
erzeugten Leistung der.ersten dynamoelektrischen ' 
Maschine in Abhangigkeit von einem erforderlichen. 40 v 
Drehmoment so, daB ein Drehmoment entspre- 
chend dem an das Antriebsrad anzulegenden erfor- 
derlichen Drehmoment an die zweite Ausgangswel- . 
le verteilt wird, wenn der im ersten Schritt bestimm- 
te Steuerungsmodus derkontinuierliche PSHV-Mo- 45 
dus ist. . 

8. Steuerungsverfahren nach Anspruch 7, wobei der 
. dritte Schritt einen Schritt (31 2) umfaBt, zum Betrei- 
ben der zweiten dynamoelektrischen Maschine als so 
einen Motor, urn zu verhindern, daB die Drehzahl 
der Brennkrattmaschine mit innerer Verbrennung 
steil Oder erheblich ansteigt, wenn das erforderliche 
Drehmoment tatsachlich an die zweite Ausgangs- 
welle verteift wird, wenn der im ersten Schritt be- 55 
stimmte Steuerungsmodus der kontinuierliche PS- 
HV-Modus ist. 



Steuerungsverfahren nach Anspruch 1 bis 8, wobei 
die Vielzahl von Steuerungsmodi einen PE V-Modus 
umfassen, der ein Modus ist, in dem nach einer me- 
chanischen Trennung der Brennkrattmaschine mit 
innerer Verbrennung und der ersten dynamoelektri- 
schen Maschine von der zweiten dynamoelektri- 
schen Maschine und dem Antriebsrad, die zweite 
dynamoelektrischen Maschine als ein Motor betrie- 
ben wird, urn ein Drehmoment fur den Antrieb des 
Fahrzeugs zu erzeugen, wahrend die Brennkratt- 
maschine mit innerer Verbrennung und die erste dy- 
namoelektrischen Maschine angehalten werden. 

I Hybridfahrzeug umfassend: 

eine Brennkrattmaschine (28) mit innerer Ver- 
brennung zum Erzeugen von Leistung in Form 
eines Drehmoments, 

eine erste dynamoelektrische Maschine (24), 
die wenigstens als ein Generator betrieben 
werden kann, • 

einen Speicher (18), der mit der von der ersten 
dynamoelektrischen Maschine erzeugten Lei- 
stung auf geladen' wird, 

eine zweite dynamoelektrische Maschine (10), 
die wenigstens als ein Motor betrieben werden 
kann, wenn sie mit wenigstens einer der Erzeu- 
gungsleistung der ersten dynamoelektrischen 
Maschine (24) und der Entladeleistung des 
Speichers (18) versorgt wird, gekennzeichnet 
durch 

einen Drehmomentverteilermechanismus (38) 
zum Differentialverteilen des von der Brenn- 
krattmaschine (28) mit innerer Verbrennung 
produzierten Drehmoments auf die Seite der 
ersten dynamoelektrischen Maschine (24) und 
die Seite eines Antriebsrads (14) und der zwei- 
ten dynamoelektrischen Maschine (10)', 
wobei die zweite dynamoelektrische Maschine 
(10) das von der Brennkrattmaschine (28) mit 
innerer Verbrennung an das Antriebsrad (14) 
angelegte Drehmoment erhdht, wenn das 
Drehmoment der Brennkrattmaschine (28) mit 
innerer Verbrennung uber den Drehmoment- 
verteilermechanismus (38) verteilt wird, und 
das Antriebsrad (1 4) mit einem von der zweiten 
dynamoelektrischen Maschine (10) erzeugten 
Drehmoment versorgt, wenn kein Drehmoment 
von der Brennkrattmaschine (28) mit innerer 
Verbrennung verteilt wird, 
einen Sperr-und-L6semechanismus (36) zum 
mechanischen Verbinden oder Trennen des. 
Drehmomentverteilermechanismus (38) . mit 
bzw. von der zweiten dynamoelektrischen Ma- 
schine (10), 

einen Bremsmechanismus, (40) zum Bremsen 
einer Ausgangswelle (38c), welche eine der im 
Drehmomentverteilermechanismus (38) ent- 
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haltenen Weflen ist, so, daB die Ausgangswelle 
(38c) nicht in einen' Freilaufzustand gerat, wo- 
bei die Ausgangswelle den Drehmomentvertei- 
lermechanismus (38) mit dem Sperr-und-Loser 

• mechanismus (36) verbindet und in den Frei- 5 
laufzustand gerat, wenn eine mechanische 
Verbindung zwischen dem Drehmomentvertei- 
lermechanismus (38) und der zweiten dynamo- 

■ elektrischen Maschine (10) unterbrochen wird, 
ohne die Ausgangswelle zubremsen, und id 
eine Steuerung (20) zum Wechseln des Steue- ■ 
rungsmodus des Hybridfahrzeugs von einem 
kontinuierlichen PSHV-Modus in einen SHV- 
Modus durch Steuern des Sperr-und-L6seme- 
chanismus (36) und des Bremsmechanismus 1B 
(40) so, daB die mechanische Verbindung zwi- . 
schen dem Drehmomentverteilermechanis- 
mus (38) und der zweiten dynamoelektrischen 
Maschine (10) unterbrochen und die Drehbe- 
wegung der Ausgangswelle (38c) angehalten 20 
wird, wobei 

der kontinuierliche PSHV-Modus ein Modus ist, 
in dem die Brennkraftmaschine (28) mit innerer 
Verbrennung und die erste dynamoelektrische 
Maschine (24) mit der zweiten dynamoelektri- 25 
schen Maschine (10) und dem Antriebsrad (14) 
verbunden sind, so daB ein Teil der mechani- 
schen Ausgangsleistung der Brennkraftma- 
schine (28) mit innerer Verbrennung einem 
PH V-Kraftubertragungsweg und deren anderer 30. 
Teil einem. SHV-Kraftubertragungsweg zuge- 
-fuhrt werden, wobei der PH V-Kraftubertra- 
gungsweg ein Kraftubertragungsweg ist, urn 
den Teil der mechanischen Ausgangsleistung 
der Brennkraftmaschine (28) mit innerer Ver- 35 
brennung dem Antriebsrad (14) zuzufuhren 
und falls erforderlich die zweite dynamoelektri- 
sche Maschine (10) gleichzeitig als einen Ge- 
nerator Oder Motor zu betreiben, und der SHV- 
Kraftubertragungsweg ein Kraftubertragungs- *o 
weg ist, urn den anderen Teil der mechanischen 
Ausgangsleistung der Brennkraftmaschine 
' (28) mit innerer Verbrennung der ersten dyna- 
moelektrischen Maschine (24) zuzufuhren, urn 
diese falls erforderlich als einen Generator zu ■ 45 
betreiben, und die zweite dynamoelektrische 
Maschine (10) als einen Motor zu betreiben, 
der wenigstens eine der Entladeleistung des 
Speichers (1 8) und der von der ersten dynamo- 
elektrischen Maschine (24) erzeugten Aus- so 
gangsleistung verwendet, wenn diese als ein 
Generator betrieben wird, und * 
der SHV-Mpdus ein Modus zum Verteileh des 
von der Brennkraftmaschine (28) mit innerer 
Verbrennung produzierten Drehmoments nur ss 
zur ersten dynamoelektrischen Maschine (24) 
ist. 



11. Hybridfahrzeugnach Anspruch 10, wobei, wenn der 
Steuerungsmodus des Hybridfahrzeugs' der konti- 
nuierliche PSHV-Modus ist und eine Beschleuni- 
gung des Hybridfahrzeugs nicht erforderlich ist, die 
Steuerung die erste dynamoelektrische Maschine 
eine sehr kleine Leistung erzeugen laBt, urn an das 
Antriebsrad ein Drehmoment anzlegen, das eine 
Kriechbewegung vortauscht. 

12. Hybridfahrzeugnach Anspruch 10, wobei, wenn der 
kontinuierliche PSHV-Modus in den SHV-Modus 
umzuschalten ist, die Steuerung die Brennkraftma- 
schine mit innerer Verbrennung im Leerlauf arbei- 
ten laBt und die Drehzahl der ersten dynamoelek- 
trischen Maschine so einstellt, daB die Drehzahl der 
Ausgangswelle derjenigen der . zweiten dynamo- 
elektrischen Maschine angeglichen wird, die me- 
chanische Verbindung zwischen dem Drehmo- 
mentverteilermechanismus und der zweiten dyna- 
moelektrischen Maschine nach der Angleichung 
durch den Sperr-und-Ldsemechanismus unter- 
bricht, die Drehzahl der ersten dynamoelektrischen 
Maschine so einstellt, daB die Drehzahl der Aus- 
gangswelle nach der Unterbrechung im wesentli- 
chen Null wird, und die Drehbewegung der Aus- 
gangswelle nach der Nullsteuerung durch den 
Bremsmechanismus anhalt. 

13. Hybridfahrzeug nach Anspruch 10, wobei die . 
Steuerung den Steuerungsmodus vom kontinuierli- 
chen PSHV-Modus in den SHV-Modus wechseln 
laBt, wenn der Ladezustand des Speichers unter ei- 
nen vorgeschriebenen Pegel gefaiJen ist. 

Revendications 

1 . Methode de contr6le mise en oeuvre dans un v6hi- 
cule hybride qui est muni, au moins, d'un moteur a 
combustion interne ^(28) pour produire de la puis- 
sance, de premiere et seconde machines a dyna- 
mo-electrique (24, 10) chacune sur un trajet de 
transmission de puissance dudit moteur a combus- 
tion interne (28) a une roue motrice (14) et electri- 
quement connectees Tune a Pautre, et un accumu- 
lates (18) ejectriquement connecte aux dites pre- 
miere et seconde machines a dynamo-6lectrique 
(24, 10); ladite methode de contrple 6tant caracte- 
risee par: 

une premiere etape pour determiner un mode 
de controle a utiliser a partir d'une pluralite de 
modes de controle incluant au moins un mode 
VHS et un mode VHSP de type continu (par 
exemple: 126); 

une seconde 6tape pour ajuster I'etat desdits 
composants de sorte que les connexions elec- 
triques et les connexions mecaniques parmi les 
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composants mentionnes au-dessus soient 
conformes au mode de controle determine du-' 
rant la premiere etape (par exemple: 130); et 
une troisieme etape pour controler tefonctionT 
nement des composants mentionnes au-des- s 
sus selon le mode de controle determine" durant 3. 
la premiere etape et ajuste durant la seconde 
etape (par exemple: 132); dans laquelle 
ledit mode VHS est un mode dans lequel, apres 
avoir mecaniquement deconnecte ledit moteur 10 
a combustion interne (28) et ladite premiere 
machine a dynamo-electrique (24), de ladite 
seconde machine a dynamo-electrique (10) et 
de ladite roue motrice (14), ladite seconde ma- 
chine a dynamo-electrique (10) est activ6e is 
comme un moteur et le couple obtenu par le 
moteur est utilise" pour entrainer le vehicule, et, 
si necessaire, ladite premiere machine a dyna- 
mo-electrique (24) est actionnee comme un ge- 
nerates, entraine par ledit moteur a combus- 20 
. tion interne (28), et 
ledit mode VHSP de type continu est un mode 
dans lequel ledit moteur a combustion interne 
. (28) et ladite premiere machine a dynamo-elec- 
trique (24) sont connectees a ladite seconde 25 
machine a dynamo-6lectrique (10) et a ladite 
roue motrice (14), de sorte qu'une partie.de la 
sortie mecanique a partir dudit moteur a com- 4. 
bustion interne (28) soit fournie a une transmis- 
sion de puissance de type VHP et une autre so 
partie de ladite sortie mecanique soit fournie a 
une transmission de puissance de type VHS, 
ladite transmission de puissance de type VHP 
etant une transmission de puissance pour four- 
nir ladite partie de la sortie mecanique a partir 35 
dudit moteur a combustion interne (28) a ladite 
roue motrice (14) et, si necessaire, simultane : 
ment, actionner ladite seconde machine a dy- . 
namo-eiectrique (1 0) comme un generateur ou 
un moteur, et 40 
ladite transmission de puissance de type VHS 
etant une transmission de puissance pour four- 
nir ladite autre partie de la sortie mecanique a 
partir dudit moteur a combustion interne (28) a 5. 
ladite premiere machine a dynamo-electrique ' 45 
(24) pour activer ladite premiere machine a dy- 
namo-electrique (24) comme un generateur si 
n§cessaire, et activer ladite seconde machine 
a dynamo-6lectrique (10) comme un moteur 
utilisant au moins une sortie parmi la sortie de so 
dechargement d'un accumulates (1 8) et la sor- 
tie gener£e par ladite premiere machine a dy- 
namo-electrique (10) lorsqu'elle est activee 
comme un g6n6rateur. 

S5 

Methode de controle selon la revendication 1 , dans 
laquelle ladite premiere etape comporte une.deter- 
mination (126) pour utiliser ledit mode VHS lorsque 



I'etat de charge (EDC) de I'accumulateur est au- 
dessous d'une valeur prescrite (A), et ledit mode 
VHSP de type continu lorsque l'6tat de charge ex- 
cede la valeur prescrite. 

Methode de controle selon la revendication 1 , dans 
laquelle ledit vehicule hybride comporte en outre: 

un mecanisme de distribution de couple (38) 
qui a un arbre d'entree (38a) et des premier et 
second arbres de sortie (38b, 38c), et distribue 
de facon differentielle le couple applique audit 
arbre d'entree; aux dits premier et second ar- 
bres de sortie; ledit arbre d'entree et les premier 
et. second arbres de sortie etant respective- 
ment connectes audit moteur a combustion in- 
terne, a ladite premiere machine a dynamo- 
electrique et a un mecanisme de verrouillage 
et de deverrouillage; et 

ledit mecanisme' de verrouillage et de dever- 
rouillage (36) qui connecte, ou deconnecte, 
mecaniquement le . moteur a combustion inter- 
ne et la premiere machine a dynamo-electrique 
a, ou de, la seconde machine a dynamo-eiec- 
trique et roue motrice, conformement a une 
commande. 

Methode de controle selon la revendication 3, dans 
laquelle ladite seconde etape comporte: 

une etape (par exemple: 206) pour fournir ia 
commande audit mecanisme de verrouillage et 
de deverrouillage conformement au mode de 
controle determine dans ia premiere etape, et 
une etape (par exemple: 204) pour controler, 
avant de fournir la commande audit mecanisme 
de verrouillage et de deverrouillage, une Vites- 
se de rotation de ladite premiere machine a dy- 
namo-electrique pour synchroniser une Vitesse 
de rotation dudit second arbre de sortie avec • 
celle de ladite seconde machine a dynamo- 
electrique. - 

Methode de controle selon la revendication 3, dans 
laquelle: 

ledit vehicule hybride est muni d'un mecanis- 
me de freinage (40) pour arrdter la revolution dudit 
second arbre de sortie conformement a une com- 
mande de freinage; et 

ladite seconde etape comporte: 

une etape (par exemple: 406) pour fournir la 
commande audit mecanisme de verrouillage et 
de deverrouillage conformement au mode de 
contrdle determine dans la premiere etape, et 
une etape (par exemple: 410) pour controler, 
apres avoir fourni la commande audit mecanis- 
me de verrouillage et de deverrouillage pour 
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deconnecter mecaniquement le moteur a com- 
bustion interne et la premiere machine a dyna- 
mo-electrique, de la seconde machine a dyna- 
mo-electrique et de la roue motrice, une vitesse 
de rotation de ladite premiere machine a dyna- s 
mo-eleetrique pour rendre une vitesse de rota- 
tion dudit second arbre de sortie essentielle- 
ment nulle, et 

une etape (par exemple: 412) pour fournir la 
cbmmande de freinage audit mecanisme de 10 
f reinage apres que la vitesse de rotation dudit 
second arbre de sortie soit devenue essentiel- 
lement nulle. 

Methode de controle selon les revendications 3 a is 

5, dans laquelle ladite troisieme etape comporte . 
une etape (308) pour activer ladite premiere machi- 
ne a dynamo-electrique comme un generateur 
ayant une tres petite puissance, pour distribuer le 
coupie. necessaire pour simuler un rampage audit 20 
second arbre de sortie lorsque le mode de controle 
determine" dans la premiere etape est ledit mode 
VHSP de type continu. 

Methode de controle selon les revendications 3a 2s 

6, dans laquelle ladite troisieme etape comporte 
une etape (310) pour/ lorsque le mode de controle 
determine dans la premiere etape est ledit mode 
VHSP de type continu, activer ladite premiere ma- 
chine a dynamo-electrique comme un generateur 30 
et pour controler une puissance g£ner6e de la pre- 
miere machine a dynamo-electrique selon le couple 
exige de sorte que le couple correspondant au cou- 
ple exige a fournir a ladite roue motrice, soit distri- 
bue audit second arbre de sortie. 35 

Methode de controle selon la revendication 7, dans 
laquelle ladite troisieme etape comporte une etape ' 
(312) pour, lorsque le mode de controle determine 
dans la premiere etape est ledit mode VHSP de ty- *o 
pe continu, activer ladite seconde machine a dyna- 
mo-electrique comme un moteur pour eviterqu'une 
vitesse de rotation dudit moteur a combustion inter- 
ne ne soit augmentee par paliers ou de facon subs- 
tahtielle, lorsque le couple exige est reellement dis- 45 
tribue audit second arbre de sortie. 

Methode de controle selon les revendications 1 a 
8, dans laquelle: 

so 

iesdits multiples types de modes de controle in-, 
cluent un mode VEP; 

ledit mode VEP etant un mode dans lequel, 
apres avoir deconnecter mecaniquement le 
moteur interne a combustion interne et la pre- ss 
miere machine a dynamo-electrique de la se- 
conde machine a dynamo-electrique et de la 
roue motrice, ladite seconde machine a dyna- 



mo-electrique est activ6e comme un moteur 
pour generer un couple d'entrainement du ve- 
hicle tandis que ledit moteur a combustion in- 
terne et ladite premiere machine a dynamo- 
electrique sont arretes. 

10. Vehicule hybride comportant: 

un moteur a combustion interne (28) pour pro- 
duire de la puissance sous la torme d'un cou- 
ple; 

une premiere machine a dynamo-electrique 
(24) qui peut fonctionner au moins comme un 
generateur; 

un accumulateur (18) qui est recharge avec 
une puissance generee de ladite premiere ma- 
chine a dynamo-electrique; une seconde ma- 
chine a dynamo-electrique (10) qui peut fonc- 
tionner au moins comme un moteur lorsque 
qu'elle est alimentee avec au moins une des 
puissances parmi la puissance generee de la- 
dite premiere machine a dynamo-electrique 
(24), et une puissance dechargSe a partir de 
Paccumulateur (18); 

caract6rise par 

un mecanisme de distribution de couple (38) 
pour distribuer de facon difterentielle le. couple 
produit par ledit moteur a combustion interne 
(28) a un cote de la premiere machine a dyna- 
mo-electrique (24) et a un cote d'une roue mo- 
trice (14) et de ladite seconde machine a dyna- 
mo-electrique (10); 

ladite seconde machine a dynamo-electrique 
(10) assistant le couple fourni a partir dudit mo- . 
teur a combustion interne (28) a ladite roue mo- 
trice (14) lorsque le couple a partir du moteur a' 
combustion interne (28) est en train d'etre dis- 
tribue au travers dudit mecanisme de distribu- 
tion du couple (38), et alimentant ladite roue 
motrice (14) avec le couple gen6re par ladite 
seconde machine a dynamo-electrique (10) 
lorsque le.couple a partir du moteur a combus- 
tion interne (28) J n'est pas en train d'etre distri- ' 
bue; 

un mecanisme de verrouillage et de d6ver- 
rouillage (36) pour mecaniquement connecter, 
ou deconnecter, ledit mecanisme de distribu- 
tion de couple (38) a, ou de, la seconde machi- 
ne a dynamo-electrique (10); 
un mecanisme de freinage (40) pour stopper un 
arbre de sortie (38c), qui est un des arbres in- 
clus dans ledit mecanisme de distribution de 
couple (38) de sorte que I'arbre de sortie (38c) 
n'entre pas dans un 6tat de roue libre, Tarbre 
de sortie connectant ledit mecanisme de distri- 
bution de couple (38) audit mecanisme de ver- 
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rouillage et de deverrouillage (36), et entrant 
dans I'etat de roue libre si une connexion me- 
canique entre ledit mecanisme de distribution 
de couple (38) et ladite seconde machine a dy : 
namo-electrique (10) ont ete liberes sans l'ar- s 
rfit; et 

un controleur (20) pour modifier un mode de 
controle dudit vehicule hybride d'un mode 
VHSP de type continu en un mode VHS en con- 
trolant ledit mecanisme de verrouillage et de 10 
deverrouillage (36) et ledit mecanisme de frei- 
nage (40), de sorte que la connexion mecani- 
que entre ledit mecanisme de distribution de 
couple (38) et ladite seconde machine" a dyna- 
mo-electrique (10), soit liberee, et la revolution 16 
dudit arbre de sortie (38c) soit stoppee; dans 
lequel 

ledit mode VHSP de type continu est un mode 
dans lequel ledit moteur a combustion interne 
(28) et ladite premiere machine a dynamo-elec- " 20 
trique (24) sont connectees a ladite seconde 
machine a dynamo-electrique (10) et a ladite 
roue motrice (14), de sorte qu'une partie de la 
sortie mecanique du moteur a combustion in- 
terne (28) soit fournie a une transmission de 25 
puissance de type -VHP, et une autre partie de 
ladite sortie mecanique soit fourni a une trans- 
mission de puissance de type VHS, ladite 
transmission de puissance de type VHP etant . 
une transmission de puissance pour fournir la- -30 
dite partie de la sortie mecanique dudit moteur 
a combustion interne (28) a ladite roue motrice 
(14) et, si necessaire, actionner simultanement 
ladite seconde machine a dynamo-electrique 
(10) comme un generateur ou un moteur, et la- -35 
dite transmission de puissance de type VHS est 
une transmission de puissance pour fournir la- 
dite autre partie de la sortie mecanique a partir 
dudit moteur" a combustion interne (28) a ladite ' 
premiere machine a dynamo-eiectrique (24) 40 
pour activer ladite premiere machine a dyna- 
mo-electrique (24) comme un generateur si ne- 
cessaire, et activer ladite seconde machine a . 
dynamo-electrique (10) comme un moteur uti- 
lisant au moins une sortie parmi la sortie de de- 45 
chargement dudit accumulateur (1 8) et la sortie 
g6ne>ee par ladite premiere machine a dyna- 
mo-electrique (10) lorsqu'elle est activee com- 
me un generateur; et 

ledit mode VHS est un mode pour distribuer le 50 
couple produit par ledit moteur a combustion in- 
terne (28) a ladite premiere machine a dynamo- 
electrique (24) seulement. 

11. vehicule hybride selon la revendication 10, dans le- 55 
quel lorsque le mode de contrdle dudit vehicule hy- 
bride est ledit mode VHSP de type continu et que 
['acceleration du vehicule hybride n'est pas neces- 



saire, ledit controleur fait en sorte que ladite pre- 
miere machine a dynamo-electrique genere une 
tres petite puissance afin d'alimenter ladite roue 
motrice avec le couple simulant un rampage. 

12. Vehicule hybride selon la revendication 10, dans le- 
quel, lorsque ledit mode VHSP de type continu doit 
§tre commute en dit mode VHS, ledit controleur fait 
en sorte que ledit moteur a combustion interne soit 
au ralenti et ajuste une vitesse de rotation de ladite 
premiere machine a dynamo-electrique pour syn- 
chroniser une vitesse de rotation dudit arbre de sor- 
tie a celle de ladite seconde machine a dynamo- 
electrique, libere la connexion mecanique entre le- 
dit mecanisme de distribution de couple et ladite se- 
conde machine a dynamo-electrique par ledit me- 
canisme de verrouillage et de deverrouillage apres 
la synchronisation, ajuste la vitesse de rotation de 
ladite premiere machine a dynamo-electrique pour 
faire en sorte que la vitesse de rotation dudit arbre 
de sortie soit essentiellement nulle apres le dever- 
rouillage, et arrete les revolutions dudit arbre de 
sortie gr£ce au mecanisme de freinage apres le 
controle a z6ro. 

1 3. - Vehicule hybride selon la revendication 1 0, dans le- 

quel ledit controleur force le mode de controle a 
commuter dudit mode VHSP de type continu audit 
mode VHS lorsqu'un etat de charge dudit accumu- 
lateur est abaisse au-dessous d'un niveau prescrit. 
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